This Month in Genetics  by Garber, Kathryn B.
EDITORS’ CORNER
This Month in Genetics
Kathryn B. Garber1,*A Clean Slate, Sort of
Epigenetic modifications are key to proper gene regulation
as cells differentiate, but going back to totipotency at each
generation requires that an embryo start from scratch. In
primordial germ cells, there is, in fact, a wiping clean of
the epigenetic slate, and it is critical for totipotency and
includes global DNA demethylation. The mechanism by
which this occurs has been a hot topic in the literature as
of late. One example is a paper by Hackett et al., who found
that erasure of DNA methylation involves conversion of
5-methylcytosine (5mC) to 5-hydroxymethylcytosine
(5hMC) by enzymes TET1 and TET2. As 5mC is lost, tran-
sient increases in 5hMC decline over time, possibly
through passive dilution as DNA is replicated. Supporting
the importance of Tets in these processes, Costa et al. also
found that these enzymes work with NANOG to establish
pluripotency in mouse embryonic stem cells (Nature
[2013]. 10.1038/nature11925). Although DNA demethyla-
tion in primordial germ cells is ‘‘global,’’ there are rare
genetic elements that escape the erasure. This tends to get
people excited because it provides a potential route for
transgenerational epigenetic inheritance. Hackett et al.
identified genetic regions that escape demethylation
during the systematic erasure of these epigenetic marks.
Lending support to this finding is the fact that Guibert
et al. identified an overlapping set of genes that escape
the erasure in embryonic day 13.5 primordial germ cells
(Genome Res. [2012] 22, 633–641). It looks like the epige-
netic slate might not be wiped completely clean with
each generation.
Hackett et al. (2013). Science 339, 448–452.
Chromosome Inversion Governs Social Behavior
in Fire Ants
My children are quite leery of fire ants. If you don’t know
why, you probably live in an area in which these tiny pests
are not found. Although ‘‘leave them alone, and they’ll
leave you alone’’ is decent advice, ants from some hills are
quite aggressive and will sting innocent bystanders in their
vicinity while leaving an inflamed, itchy swelling. What
does this have to do with genetics? Certain aspects of fire
ant behavior are controlledby a single genetic locus; besides
controlling aggression, the locus regulateswhether a colony
has a single or multiple queens, the process by which new
colonies are initiated, and various other behavioral and
physical features. Variation in Gp-9 marks the alleles in
the twomain behavioral groups of fire ants, but it is implau-1Department of Human Genetics, Emory University School of Medicine, Atlan
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many social and biological differences between the two
groups of ants. This begs a mechanism by which variation
at a set of genes that govern all these colony differences
could be inherited as a single unit through the population.
Wang et al. recently discovered that theGp-9 alleles actually
mark the two forms of a chromosome inversion that
governs fire ant behavior. This inversion prevents recombi-
nation between the two haplotypes created by the inver-
sion. Within the inverted segment reside several genes
that are differentially expressed between the two types of
ant colonies, and this creates a super gene—a set of physi-
cally linked genes that act in combination with each
other—that governs colony behavior. Beyond being an
interesting curiosity of insect behavior, the evolution of
this region is analogous to that of the sex chromosomes
and could serve as an interesting comparison.
Wang et al. (2013). Nature 493, 664–668.
The Role of Inherited Recessive Mutations in Autism
Several recent studies have implicated de novo copy-
number variation and point mutations in the etiology of
autism. Although they add to our understanding of the
genetic underpinnings of this neurodevelopmental
disorder, new mutations such as these cannot explain the
heritability of autism because the causative variant would
not be shared between family members. To seek inherited
sequence variation that would contribute to trait herita-
bility, two recent studies used whole-exome sequence data.
In a sample of individual cases of autism, Lim et al. sought
rare homozygous, compound heterozygous, or hemizygous
loss-of-functionmutations and found that these were over-
represented in cases compared to controls. Among the
mutant genes in this sample were AFF2, MECP2, and
TMLHE, a gene involved in carnitine biosynthesis. The
authors estimate that these so-called ‘‘knockout’’ mutations
contribute to ~5% of autism cases. To more directly zero in
on relevant sequence changes, Yu et al. used consanguin-
eous families and a combination of linkage and homozy-
gosity mapping to sort through whole-exome sequence
data and identify mutations that might contribute to
autism. A fewof the changes they foundwere hypomorphic
mutations in genes that had previously been implicated in
genetic syndromes, such as Cohen syndrome and rhizo-
melic chondrodysplasia punctata. Biochemical causes were
uncovered for other cases, including two cases of phenylke-
tonuria and two families affected by mutations in AMT, theta, GA 30322, USA
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gene associated with nonketotic hyperglycinemia,.
Together, these papers support the role of certain previously
identified genes in autism, identify novel genes that most
likelyplay a role in autism, andexpand thephenotypic spec-
trum associated with still other genes to include autism.
Yu et al. (2013). Neuron 77, 259–273.
Lim et al. (2013). Neuron 77, 235–242.
The Yin and Yang of X Chromosome Inactivation
The long noncoding RNA XIST is critical for the initiation
of X inactivation in female cells. XIST is expressed from
the inactive X and coats the chromosome along its length
in cis, which in turn leads to a complex set of chromatin
modifications that ultimately result in stable repression of
gene expression from this chromosome. Vallot et al. have
now found the yang to this yin with the discovery of
a long noncoding RNA that specifically coats the active X.
This RNA, which they dub XACT for X active coating tran-
script, was first found via RNA sequence analysis of tran-
scripts from human embryonic stem cells. It is expressed
in pluripotent cells but is downregulated as cells differen-
tiate, and its expression can be turned on once again
through the generation of induced pluripotent stem cells.
In embryonic stem cells, XACT and XIST are each monoal-
lelically expressed from opposite copies of the X chromo-
some. In the absence of XIST expression, XACT becomes
biallelically expressed, although it is unclear which of these
events (or another one) is causative. XACT might be
a species-specific regulator of X chromosome inactivation;
it is not expressed in mouse embryonic stem cells.
Vallot et al. (2013). Nat. Genet. Published online January 20,
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Alter Risk of Aneuploidy
Because the vast majority of cases of Down syndrome
result from a random mistake in meiosis in females, it
would seem extremely unlikely that a family would go
on to have a second affected child. The predicted risk of
Down syndrome in future pregnancies would then be
equal to the general population risk for the mother’s age.
Empirical estimates do not fit this expectation and indi-
cate that once a mother has a child with aneuploidy, she
is in fact at somewhat increased risk of having a second
affected child. Murdoch et al. recently found intriguing
hints in mice that heterozygous mutations in genes for
the cohesin complex have the potential to explain this
phenomenon. Accumulating evidence suggests that the
maternal age-related risks of aneuploidy are a factor of
deterioration of the protein complexes mediating chromo-
some cohesion in meiosis. Murdoch et al. wondered
whether variation in the genes for the cohesins might
therefore influence risk of aneuploidy. They created mice
heterozygous for deletions in either of two such genes—
Rec8 or Smc1b—and found that these mice produce
oocytes or sperm that exhibit reduced recombination rates
and that are more likely to have defects in chromosome
synapsis than are those in controls. Ultimately, this leads
to an increased incidence of chromosomally abnormal
oocytes. On the basis of these results, the authors postu-
late that some women might be predisposed to chromo-
some nondisjunction as a result of mutations in the
homologous genes. This predisposition would occur inde-
pendently of age.
Murdoch et al. (2013). PLoS Genet. 9, e1003241.This Month in Our Sister JournalsThe Interplay of Stress Responses and Protein
Aggregation in Neurodegeneration
Protein aggregation in neurons is a central feature to
a range of neurodegenerative diseases, such as Parkinson
and Alzheimer diseases. Perhaps lesser known is familial
encephalopathy with neuroserpin inclusion bodies (FE-
NIB), which—as the name suggests—is caused by the
aggregation of mutant forms of neuroserpin. Schipanski
et al. recently reported the generation of two new modelsof FENIB, in mice and C. elegans, and explored the roles
of the unfolded protein and heat-shock responses in neu-
roserpin aggregation. They found that age-related differ-
ences in the induction of the unfolded protein response
correlated with the level of protein aggregation and
propose that this might be at least partially responsible
for the age-dependent penetrance of neurodegeneration.
Schipanski et al. (2013). Genetics. Published online February
1, 2013. 10.1534/genetics.112.149088., 2013
